Introduction. Breast conserving surgery (BCS) requires tumor excision with negative margins. Reexcision rates of 30-50% are reported. Ultrasound localization, intraoperative margin pathology, and specimen mammography have reduced reexcisions, but require new equipment. Cavity shave margin (CSM) is a technique, utilizing existing equipment, that potentially reduces reexcision. This study evaluates CSM reexcision impact. Methods. 522 cancers treated with BCS were reviewed. Patients underwent standard partial mastectomy (SPM) or CSM. Data collected included demographics, pathology, and treatments. Results. 455 SPMs were compared to 67 CSMs. Analysis revealed no differences in pathology, intraductal component, or neoadjuvant chemotherapy. Overall reexcision rate = 43%. Most reexcisions were performed for DCIS at margin. SPMs underwent 213 reexcisions (46.8%), versus 16/67 (23.9%) CSMs (P = 0.0003). Total mastectomy as definitive procedure was performed after more SPMs (P = 0.009). Multivariate analysis revealed CSM, % DCIS, tumor size, and race to influence reexcisions. Conclusions. CSM is a technique that reduces reexcisions and mastectomy rates.
Introduction
Nearly 200,000 women are diagnosed with breast cancer in the USA every year [1] . One accepted treatment for earlystage breast cancer is breast-conserving therapy (BCT), an option currently chosen by nearly half of all women [2] . For BCT to have equivalent survival to total mastectomy, all cancerous tissue must be removed with no evidence of tumor at the margins of resection, and adjuvant radiation therapy be given. Careful adherence to this oncologic approach also results in low rates of recurrence [3] [4] [5] .
Although there remains controversy regarding what constitutes an acceptable microscopic margin of clearance, recent studies have revealed that the majority of surgeons prefer a 2 mm negative margin around the tumor [13] . With the advent of comprehensive pathologic analysis, careful scrutiny of all margins is routinely performed, and previous reports indicate that 30-50% of breast cancer patients undergo additional operations in order to obtain adequate margins [14] [15] [16] . Although these operations may be oncologically appropriate, it can be difficult for patients and does impose additional health care costs.
Techniques to facilitate complete removal of breast cancers with adequate margins at the initial operation following a diagnosis of breast cancer are of significant interest to surgeons and patients. Wire localization, a commonly used approach for localizing nonpalpable breast lesions, has been available since the early 1990s [17, 18] . It requires the placement of a thin wire into the lesion of concern, and although this does facilitate surgical excision, reexcisions are still commonly required [16, 18, 19] . Other techniques, including ultrasound guided hematoma localization [20, 21] , seed localization [16, 19, 22, 23] , radioguided localization [24] [25] [26] , intraoperative specimen mammography [27, 28] , and intraoperative pathologic margin assessment [29, 30] have also been utilized to ensure complete tumor removal. While success with these approaches has been reported, they universally require additional equipment and they may increase operative time.
A simpler technique that utilizes existing equipment available in any operative suite that may reduce the need for reexcision in breast conserving surgery (BCS) is performance of cavity shave margins (CSM). This technique has previously been described and is associated with decreased rates of reexcision [7, 9, 10, 12, 31, 32] . Surgeons either perform directed excisions of specific margins or excision of all margins adjacent to the lumpectomy cavity, not all patients in these reviews had a preoperative diagnosis of breast cancer, and some do not include the comprehensive pathologic analysis currently performed in the USA. This study evaluates the impact of routine CSM on reexcision rates in patients with a preoperative diagnosis of breast cancer utilizing current comprehensive microscopic pathologic examination.
Materials and Methods
An Institutional-review-board-approved retrospective analysis was performed to identify all patients undergoing BCT at an academic comprehensive cancer center. All patients had undergone core needle biopsy prior to surgery and had a known diagnosis of breast cancer; patients undergoing excisional biopsy for diagnosis alone were excluded. Patients underwent standard partial mastectomy with immediate CSM or PM with additional margins removed at the discretion of the surgeon (SPM). In patients who underwent CSM, after the initial partial mastectomy specimen was removed, Allis clamps were used to grasp the edges of the lumpectomy cavity, and six new margins (superior, inferior, anterior, posterior, medial, and lateral) were removed. These new margins were oriented with clips placed at the new margin and sent for permanent section; shave margins were at least 1 cm in thickness. If the initial lumpectomy specimen included pectoralis fascia, the area of breast parenchyma surrounding this exposed muscle was excised and sent as the posterior shave margin. Specimen mammography is routinely performed for patients undergoing radiologic localization prior to surgery. Data collected included demographics, pathology, adjuvant therapies, attending surgeon, number of surgical interventions, and final treatment outcome. Initial review revealed 522 patients who had undergone BCT. In the statistical analyses, Fisher's exact test and student's t-test were performed in Tables 1 and 2 . And multivariate logistic regression models were built to explore the association between the outcome variable "need for 2nd operation to achieve adequate margins" and the predicting variables, as shown in Table 3 . In the multivariate logistic regression, the stepwise model selection method was used with variables of P value less than 0.20 to enter the model and less than 0.05 to stay in the model. All reported P values are two sided. All statistical analyses were performed using SAS 9.2 for Windows (SAS Institute Inc., Cary, NC, USA).
Results

Rate of Reexcision
. 522 patients were included in the final analysis, 455 patients had undergone SPM, and 67 underwent CSM. Demographics, tumor pathology, age, and tumor size were equivalent between the two groups (Table 1) . Specifically, factors such as lobular histology and presence of DCIS, which have previously been found to be associated with increased reexcision rates [33, 34] , were not overrepresented in either group. Overall, 43.1% (n = 229) required a 2nd operation to obtain adequate margins. Patients who underwent CSM had significantly lower rates (23.9% n = 16) of reexcision when compared to patients who underwent SPM (46.8% n = 213) ( Table 2) .
Rationale for Reexcision and Residual Tumor Burden.
Subsequently, an analysis of the rationale for reexcision and the risk of residual tumor burden was performed. For those patients who did require additional surgery after CSM, the majority (75%, n = 12) underwent reexcision for close margins (microscopically <2 mm margins), rather than positive margins which were more common (44.9% n = 92) in the SPM group (Table 2) . Of these reexcisions, a minority of patients in the CSM group (18.8%, n = 3) had residual tumor (Figure 1 ). In contrast, pathologic analysis of reexcisions in the SPM group revealed that 44.6% (n = 95) had residual tumor at the 2nd operation (Figure 1 ). 
Multivariate Analysis.
Upon multivariate analysis, CSM was the strongest controllable factor associated with complete removal of the primary tumor at the initial operation (Table 3) . Additional factors contributing to lower reexcision rates included a lower percentage of DCIS, directed excision 
Discussion
Previous studies evaluating the impact of multiple operations reveal dissatisfaction of the patient both physically and psychologically [32] . Physically, the patient may have an unsatisfying cosmetic outcome and is subjected to the increased length of recovery associated with additional surgery. Psychologically, the patient can lose confidence in the surgeon and fear recurrence. Ideally, a patient would go to surgery only once, achieving adequate margins and not returning to the operating room. Reexcision at a second operation potentially increases the likelihood of a poor cosmetic outcome and requires the patient to assume the risks of another surgical procedure under anesthesia. CSM is a simple technique that utilizes existing equipment to remove extra margins of tissue after the primary breast specimen has been removed. Removal of six new margins (superior, inferior, anterior, posterior, medial, and lateral) provides an extra sampling of tissue that has been shown to reduce reexcision rates in patients undergoing BCS for breast cancer [7, 9, 12, [30] [31] [32] . Other studies have reported on groups of women who underwent CSM and compared lumpectomy margin status to shave margin status. These studies showed that overall final margin status was histologically negative in >50% of patients with histologically positive lumpectomy margins; therefore, a reexcision was avoided in these patients (Table 4) [6, 7, 9, 12] . The current study compared the reexcision rates before and after the introduction of routine CSM to primary BCS with additional margins taken at surgeon discretion. The reexcision rate fell significantly from 46.8% to 23.9% (22.9% reduction) after introduction of CSM. Other studies that also implemented CSM and compared reexcision rates to standard PM alone report similar reduction in reexcision rates from 7 to 30% (Table 4) [8, 10, 12] . Prior studies included patients who were undergoing excisional biopsy for diagnosis and varying approaches to what constituted an acceptable margin. In contrast, all patients in this series had a preoperative diagnosis of breast cancer via core needle biopsy, and patients were almost universally returned to the operating room for margins that were less than 2 mm. The significant reduction in reexcisions supports the use of CSM in the contemporary breast practice setting. Furthermore, close (75% in CSM group compared to 44.9% in SPM group), rather than positive margins (25% in CSM group compared to 55.1% in SPM group) were the most common reason for a second operation in the CSM group. This could imply that CSM removes more cancerous tissue and thereby decreases the overall tumor burden left behind, a factor which may decrease the risk of recurrence upon long-term followup.
Another statistically significant difference was in the performance of a total mastectomy as definitive treatment; patients who underwent an SPM only were more likely to eventually choose mastectomy as a final operation (16.5% in SPM group compared to 4.5% in CSM group). This observed difference may be due to the amount of operations required to achieve adequate margins; more patients in the SPM group required >2 operations to achieve adequate margins, 10.1% in SPM group compared to 0% in CSM group. Several recent studies reveal increasing rates of prophylactic contralateral total mastectomy [35, 36] ; the etiology of this trend continues to be unclear. In light of the current data, one of the factors that may be contributing to this increased mastectomy rate is the failure to successfully undergo BCS with one operation. As a cancer center policy, all eligible patients are offered BCT and reexcisions are routinely discussed and presented as an option to patients who fail to achieve adequate margins at the initial operation. The higher mastectomy rate in the SPM group may be a reflection of a loss of confidence in BCS as a therapeutic approach, and the patients desire to minimize the number of surgical interventions. Further investigation into the rationale for performance of the mastectomy in the SPM group as well as a potential association with contralateral prophylactic mastectomy is ongoing.
Patients with larger tumors required more reexcisions; this is possibly due to surgeons attempting to conserve more breast tissue at the initial operation, and having to go back for microscopic margins. Alternatively, this finding may be due to biological factors that lead to underestimation of larger tumors by imaging and clinical approaches, as well as growth patterns that favor occult tumor at the margins. This is also the likely explanation for the racial disparity, as AfricanAmerican and Hispanic patients typically present with larger tumors.
This study revealed that the majority of patients who required a reexcision in the CSM group and the SPM group did not have residual tumor. Although this is more evident in the CSM group (81.2% as opposed to 55.4% in the SPM group), it is still interesting to note that most of the patients in the SPM group may have been spared a second operation if CSMs were performed at the initial operation, as these patients did not have residual tumor. Given this finding, a cost analysis utilizing Current Procedural Terminology code 19301 was performed. If CSM was performed at the initial operation in those patients who underwent SPM, then 118 patients would have been spared a second operation, translating into a $183,018 surgical savings (2009, Medicare reimbursement).
Conclusion
In conclusion, in the current era of preoperative core needle biopsy and comprehensive pathologic analysis, this study supports the use of CSM. It is an accessible and easily implemented surgical technique that, when compared to patients undergoing an SPM only, is associated with significantly reduced reexcision rates and decreased rates of total mastectomy. Further studies to evaluate the impact of this technique on recurrence rates, tissue volume removed, and cosmesis are ongoing.
